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Objective:This study assessed the short- to medium-term clinical results of the Inoue single-branched stent graft for repair
of thoracic aortic aneurysms or dissections involving the left subclavian artery.
Methods: A retrospective review of experiences at two institutions was performed. We analyzed the data of consecutive 17
patients with thoracic aortic aneurysms or dissections who underwent endovascular repairs with the Inoue single-
branched stent graft between July 1999 and April 2004. Complete baseline and follow-up data were available on all
patients. The mean age was 71  9 years, and 13 of the patients (76%) were men. Eight patients (47%) were considered
unfit for open surgery because of advanced age or the presence of comorbid diseases.
Results: The stent grafts were successfully delivered and deployed in all 17 patients. Periprocedural major complications,
defined as those that caused any persistent disorder, occurred in one patient who developed spinal ischemia. A
postoperative computed tomographic scan revealed three attachment site endoleaks; two endoleaks were from the
proximal attachment sites and one endoleak was from the distal attachment site. The mean follow-up period was 26
months (range, 7 to 65 months). Two deaths occurred in the follow-up period from cerebral bleeding and pneumonia,
both considered unrelated to the stent grafting. Two patients with attachment site endoleaks needed secondary
stent-grafting; one patient required the implantation of a straight stent-graft in the distal attachment site and the other,
the implantation of a double-branched stent-graft. Another patient with attachment site endoleak was considered very
high-risk for open surgery or secondary stent grafting and did not undergo secondary intervention. The aneurysmal sac
size of the patient has been stable for 28 months. The branched section of the stent graft was patent in all patients in the
follow-up period.
Conclusion: The results demonstrate the feasibility of the Inoue single-branched stent graft for thoracic aortic aneurysms
or dissections involving the left subclavian artery. ( J Vasc Surg 2005;41:206-12.)Open surgical repair is considered the traditional treat-
ment for patients with thoracic aortic aneurysms. Despite
recent advances in surgical techniques and anesthetic man-
agement, the surgical repair of thoracic aortic aneurysms is
still associated with significant mortality and morbidity.1
Endovascular stent grafting of thoracic aortic aneurysms is
emerging as an alternative method for repair in selected
patients.2,3 Although endovascular stent grafting is less
invasive than open surgical procedures, involvement of
branch vessels in the aortic arch limits the application of
stent grafting.
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206Thoracic aortic aneurysms that involve the left subcla-
vian artery are not rare. In the combined results of the
EUROSTAR and the United Kingdom Thoracic En-
dograft registries, it was necessary to place a stent graft over
the left subclavian artery in 17% of the patients.4 Thurnher
et al5 reported that they required subclavian artery transpo-
sition in 24% of their cases.
Our method of managing the left subclavian artery is to
provide a stent graft with a side branch. This method does
not require the surgical revascularization of the left subcla-
vian artery. This study assessed the short- to medium-term
clinical results of Inoue single-branched stent-graft implan-
tations for thoracic aortic aneurysms involving the left
subclavian artery.
METHODS
Patients. Between July 1999 and April 2004, endo-
vascular grafting with the Inoue single-branched stent graft
was undertaken in 17 patients with thoracic aortic aneu-
rysms or dissections at Kokura Memorial Hospital, Kokura
and Kyoto University Hospital, Kyoto, Japan. All patients
gave their informed consent in conformance with the pro-
tocols approved by the institutional review board of each
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(76%) were men. Eight patients (47%) were considered
unfit for conventional surgical repair because of advanced
age or the presence of comorbid diseases. The remaining
nine patients rejected open surgery and strongly preferred
endovascular repair.
The etiologies of the aneurysms were atherosclerotic
aneurysms in nine patients, chronic dissecting aneurysms
with patent false lumens in four patients, aneurysmal de-
generation of long-standing aortic dissections with throm-
bosed false lumens in two patients, one traumatic acute
aortic dissection, and one aneurysm of the ductus divertic-
ulum.
The Inoue single-branched stent graft was placed into
the distal aortic arch, including the origin of the left sub-
clavian artery and the descending aorta. The proximal and
distal landing zones required at least 10 mm in length. The
front part of the proximal landing zone was at least 5 mm
distal to the left common carotid artery. The mean diame-
ter of the aneurysms was 58  11 mm. The demographics
and comorbidities of the patients are presented in Table I.
Complete baseline and follow-up data are available on all
patients.
Device. The Inoue endovascular grafting system con-
sists of a stent graft, a detachable carrying wire, two detach-
able traction wires, a balloon catheter, and an introducer
sheath (Fig 1). The size of the introducer sheath was
determined individually, but was usually 20F to 24F.
The Inoue stent graft is constructed from a woven
Dacron polyester fabric cylinder. The outside surface of the
stent graft is supported with multiple rings of extra-flexible
Table I. Demographics and comorbidities of the patients
Patients Sex Age Etiology
No. 1 M 77 degenerative
No. 2 F 66 aneurysmal degeneration of a long
standing aortic dissection
No. 3 M 60 chronic aortic dissection
No. 4 M 48 chronic aortic dissection
No. 5 M 81 aneurysmal degeneration of a long
standing aortic dissection
No. 6 M 69 acute aortic dissection
No. 7 M 80 degenerative
No. 8 M 79 degenerative
No. 9 M 75 chronic aortic dissection
No. 10 M 67 degenerative
No. 11 M 73 degenerative
No. 12 M 66 acute aortic dissection
No. 13 — 74 degenerative
No. 14 F 71 degenerative
No. 15 M 81 degenerative
No. 16 M 70 degenerative
No. 17 F 78 Ductus diverticulum
F  female; M  male.
*Advanced age was defined as over 79 years.nickel titanium wire covered by Dacron filaments. SmallDacron cuffs are attached to the first and second rings from
each end to improve the sealing function. The Inoue single-
branched stent graft consists of an aortic section and a
branched section. The aortic section and the branched
section are sewn together.
The Inoue stent grafts were custom made. We used a
specialized computer system for designing the Inoue stent
graft.6 A three-dimensional model was constructed from he-
lical computed tomography (CT) images for the aneurysm.
The stent graft was designed and positioned endoluminally on
the computer (Fig 2). The diameter and length of each section
of the stent graft was determined for each patient. The diam-
eter of the aortic section of the graft was usually oversized by 2
mm and the branched section by 1 mm to achieve effective
sealing. The ring of nickel titanium wire attached to the graft
was oversized by more than 2 mm.
Each section of the stent graft was individually folded
using loops of thread and nickel titanium wire. By remov-
ing the nickel titanium wire, each section of the stent graft
was unfolded. Three detachable wires were also attached to
the stent graft. A carrying wire was attached to the proximal
end of the aortic section, and a traction wire was attached to
the distal end of the aortic section. Another traction wire
was attached to the branched section. The Inoue stent graft
was delivered through the introducer sheath with the aid of
the carrying and traction wires. A large compliant balloon
was used in the dilatation of the aortic graft section. The
balloon was custom made and inserted via the introducer
sheath (Fig 1).
Implantation technique. All 17 procedures were per-
formed in the cardiac catheterization laboratory under local
aximum diameter
of aneurysm (mm)
Unfit for
open surgery Risk of open surgery
50 No
64 No
60 No
47 No
62 Yes Advanced age*
46 No
61 Yes Advanced age
75 No
70 No
68 Yes Cerebrovascular disease
Prior thoracotomy
43 No
39 Yes Traumatic injury
(rib fracture)
50 Yes Lung disease
56 No
70 Yes Advanced age
60 Yes Lung disease
68 Yes Lung diseaseManesthesia. The patient’s femoral artery was surgically iso-
f the
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was inserted percutaneously in the left brachial artery. The
introducer sheath was inserted through the femoral artery
and advanced to the descending thoracic aorta under fluo-
roscopic guidance. After administration of 10000 U of
heparin, the folded stent graft was introduced into the
sheath, advanced to the descending thoracic aorta, and
released from the sheath. The folded graft was then pushed
to the distal aortic arch.
A 7F catheter with a gooseneck wire was inserted
through the 7F sheath in the left brachial artery. The free
end of the traction wire attached to the tip of the branched
graft section was caught by the gooseneck wire and then
pulled back into the left subclavian artery. The carrying wire
and the traction wire weremanipulated to properly position
the aortic and branched graft sections.
After unfolding the graft, the aortic section and the
branched section of the graft were dilated by a compliant
balloon. The balloon was custommade and inserted via the
introducer sheath. We did not use hypotension to place the
graft or for balloon inflation. The carrying wire and the
traction wires prevented migration of the stent graft during
balloon inflation.
The sheath was removed, and the incision was closed.
Fig 3 shows a successful implantation. Detailed information
concerning the implantation techniques is available in pre-
vious reports.7,8
Follow-up protocol. All patients were examined with
Fig 1. The Inoue single branched stent-graft (A and B
is attached to the proximal end of the aneurysm. Each tr
section. B. The unfolded state. The stent-graft consists ocontrast enhanced helical CT scans before hospital dis-charge. The scans were repeated every 6 months. The mean
follow-up period was 26 months (range, 7 to 65 months).
RESULTS
The stent grafts were successfully delivered and de-
ployed in all patients. The mean procedure time, measured
from the incision of the skin to surgical closure of the
femoral access site, was 219  68 minutes. The mean
contrast media used in the procedures was 249  99 mL.
All patients were transferred immediately to the ward
without staying in the intensive care unit. Four patients
required a blood transfusion. Major complications, defined
as that caused any persistent disorders, occurred in one
patient. The patient developed paraparesis that was proba-
bly caused by the accidental embolization of the Adamk-
iewicz artery. The graft of the patient was too short to cover
the location of the Adamkiewicz artery, and the preproce-
dural images showed irregular, shaggy mural thrombus in
the thoracic aorta.
Three access site complications occurred: a lymphor-
rhea, a pseudoaneurysm, and an intimal injury of the iliac
artery. The lymphorrhea was resolved without aspiration.
The pseudoaneurysm was successfully repaired by surgery.
The intimal injury required a metallic stent implantation in
the iliac artery. The three patients with minor complica-
tions were discharged without any disorders.
Complete exclusion of the inlet of the aneurysm or the
primary entry tear of the aortic dissection at the time of the
the balloon (C). A. The folded state. The carrying wire
wire is attached to the branched section and the aortic
aortic section and the branched section.) and
actionfirst postoperative CT scan was achieved in 14 patients
to de
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patients; two leaks were from the proximal attachment
sites, and one leak was from the distal attachment site. The
cause of the two endoleaks in the proximal attachment sites
was considered unrelated to the branched section; they
were instead considered caused by difficulties in implanting
the stent graft in a curved position. The primary endoleak
rate was 18%.
The average hospital stay after the procedure was 19
27 days (range, 2 to 120). The patient who developed
paraparesis required a distinctly prolonged hospital stay of
120 days for rehabilitation. All patients were discharged
alive, and the 30-day mortality was 0%.
Themean follow-up period was 26months (range, 7 to
65months).More than a 3-mm sac size change was defined
significant. Significant sac size shrinkage was achieved in 8
patients (47%). Sac size change was measured at the most
recently obtained CT scan. Two of the three patients with
attachment site endoleaks at the first postoperative CT scan
required secondary stent grafting; one patient required
implantation of a straight stent graft at the distal attach-
ment site; the other patient required implantation of a
double-branched stent graft.
Another patient with attachment site endoleak had a
history of cerebral infarction, which occurred during previ-
ous open surgical replacement of a thoracoabdominal aor-
tic aneurysm. We estimated that the risk of a repeat open
surgery or secondary stent grafting procedure outweighed
the risk of rupture. The aneurysmal sac size of the patient
Fig 2. Monitor display of the computer program usedhas not changed for 28 months.Enlargement of the aneurysmal sac or secondary en-
doleak requiring secondary intervention has not been re-
vealed in any of the other patients. CT scan confirmed that
the branched section of the stent graft was patent in all
cases. No stent graft migration occurred in any patient.
Two deaths occurred in the follow-up period. The
cause of death was cerebral bleeding and pneumonia, both
considered unrelated to the stent grafting. The initial and
follow-up results are summarized in Table II.
DISCUSSION
Endovascular repair of thoracic aortic aneurysms may
reduce morbidity and mortality.2,3 The procedure is con-
sidered most suitable when the proximal end of the aneu-
rysm is 1 to 2 cm from the left subclavian artery. Implanta-
tion can be difficult when the landing zone distal to the left
subclavian artery is not sufficient.
Several options have been proposed to overcome this
problem. The most traditional is prophylactic transposition
or bypass graft placement to provide flow to the arm.9-11
Some recent reports have described the safety of the inten-
tional occlusion of the left subclavian artery by the stent
graft without prophylactic surgical transposition. If arm,
hand, or cerebral symptoms develop after coverage of the
left subclavian artery, surgical revascularization of the sub-
clavian artery is performed.12-14 Although the early results
of this option suggest that it is safe in most patients, some
patients require transposition of the left subclavian artery in
sign the Inoue stent graft.the follow-up.
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underwent thoracic aortic stent grafting without revascu-
larizations of the left subclavian arteries. No immediate
neurologic deficit or left arm ischemia occurred, but three
patients required surgical revascularization of the left sub-
clavian artery during follow-up. Furthermore, the occluded
subclavian artery poses another problem: it may be a poten-
tial source of retrograde inflow into the excluded aneu-
rysms or the false lumen.
Another option is to cross the origin of the left subcla-
vian artery with the uncovered lesion of the stent graft.15
The Talent LPS stent graft (Medtronic AVE, Santa Rosa,
Calif) is usually used in this option. This option has limita-
Fig 3. The successful implantation of the Inoue single
Enhanced computed tomography (CT) scan before treat
the procedure. a, The folded Inoue stent-graft was deliv
the graft was unfolded. c, After unfolding the proximal pa
d, The proximal part of the aortic section was dilated.
revealed complete exclusion of the aneurysm.tions, however. The uncovered proximal stent aids in an-choring—not sealing—and leaks may occur. The uncov-
ered stent may erode through the aorta.
Our option is to provide a stent graft with a side branch
to the left subclavian artery.7,8 This method does not
require surgical transposition of the left subclavian artery
and is widely applicable. However, except for the Inoue
stent grafts, reports of endovascular techniques of complex
aneurysm repair with branched stent grafts have been lim-
ited to animal studies and incidental case reports.16,17
In their initial experience with the branched stent-graft
implantations, Inoue and colleagues8 reported embolic cere-
brovascular accident as the major complication. We consider
that the risk of cerebral infarction is very low in the placement
ched stent graft is shown for patient 16 in Table I. A,
B, Enhanced CT after treatment.C, Angiogram during
nd positioned. b, The distal part of the aortic section of
the aortic section of the graft, the distal neck was dilated.
e branched section was dilated. f, The final angiogram-bran
ment.
ered a
rt of
e, Thof a stent graft with a side branch to the left subclavian artery.
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artery and the right subclavian artery branch from the
brachiocephalic artery, whereas the left common carotid
artery and the left subclavian artery branch from the aorta
directly. The right subclavian artery involves the common
carotid artery, but the left subclavian artery does not. Thus,
the single-branched stent-graft implantation is much safer
than the double- or triple-branched stent-graft implanta-
tion in terms of the risk of cerebral infarction.
No cerebrovascular embolic events occurred in this
study. Branched stent-graft implantation does not require
surgical transposition of the left subclavian artery. Further-
more, this method offers another advantage: it may prevent
the migration of the graft. Concerns about stent-graft
migration in the long term have been reported.18 Migra-
tion is associated with late aneurysm rupture, proximal
endoleak, and graft kinking. The Inoue stent graft has no
barbs to hold it in place. The branched section secures the
proximal fixation and prevents later migration of the graft.
Our data suggest the feasibility of the single-branched
stent-graft implantation for thoracic aorta. The Inoue sin-
gle-branched stent graft offers an alternative mode of man-
agement for thoracic aortic aneurysms that involve the left
subclavian artery and may expand the indication of thoracic
stent grafting.
We thank M. Sato, ME and Y. Nagata, ME for their
Table II. Initial and follow-up results of the patients. Cor
Patients Etiology
Hospital
stay
(day) Complication
No. 1 Degenerative 19 No
No. 2 Aneurysmal degeneration
of a long standing
aortic dissection
7 No
No. 3 Chronic aortic dissection 4 No
No. 4 Chronic aortic dissection 3 No
No. 5 Aneurysmal degeneration
of a long standing
aortic dissection
3 No
No. 6 Chronic aortic dissection 2 No
No. 7 Degenerative 26 Pseudoaneurysm
No. 8 Degenerative 120 Paraparesis
No. 9 Chronic aortic dissection 8 No
No. 10 Degenerative 21 No
No. 11 Degenerative 29 Lymphorrhea
No. 12 Acute aortic dissection 19 No
No. 13 Degenerative 13 No
No. 14 Degenerative 17 No
No. 15 Degenerative 14 No
No. 16 Degenerative 10 No
No. 17 Ductus diverticulum 16 Intimal injury of
the iliac artery
CT, computed tomography.technical assistance.REFERENCES
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In the accompanying paper, Saito et al describe their use of the
Inoue system, a novel prosthesis with a side branch to the left
subclavian artery, to achieve promising results in 17 cases of distal
aortic arch repair. The Inoue system has several unusual features
that lend themselves to this particular application:
● A supporting framework of nickel titanium rings confers great
flexibility and is capable of sealing within a very short attachment
site between the left subclavian and left carotid arteries.
● A corset of diameter-restricting ties allows final adjustments in
the orientation and position of the unsheathed, but still con-
strained, prosthesis, as the subclavian side-branch is retrieved using
a transbrachial snare and drawn all the way into the subclavian
artery.
● Once deployed, the fully embedded unibody side branch has
less effect on proximal aortic implantation than a conventional
(external) modular attachment cuff that would have to remain
within the aorta.
Their results show that the technique appears to be both safe
and effective in the short-to-medium term: serious complications
were rare, aneurysm dilatation was rare, and most type I endoleaks
were treatable by endovascular means. Yet, it is too early to say that
this approach is clearly better than the endovascular alternatives.
The attachment means is one cause for concern. Unbarbedring buckles, distorts the profile of the attached graft orifice, and
induces dilatation of the surrounding aorta, whereas an undersized
ring exerts no outward force and produces neither seal nor resis-
tance to migration. The stated 2% oversizing used by Inoue et al
contains no margin for error. Perhaps the side branch of the Inoue
device helps secure stent-graft position, but it would help more if it
had the stiffness of a stent rather than the flexibility of a series of
rings.
Stroke is notably absent from the current report. In previous
reports, endovascular repair of the distal arch has often been
complicated by embolic stroke, and multibranched versions of the
current system are no exception. The current single-branched
version requires less manipulation but does not altogether avoid
instrumentation of the ascending aorta and arch. I suspect this
system could still produce a high stroke rate in less experienced
hands, which together with the high cost of customized device
manufacture, would impede widespread application.
The most widely practiced alternative involves stent-graft cov-
erage of the subclavian artery origin. Some provision for subclavian
flow must be made in any patient with an internal mammary
coronary graft, a dominant left vertebral artery, a high risk of
paraplegia (distal thoracic aortic aneurysm or dissection), subcla-
vian steal, or left arm claudication. I remain to be convinced that
the single side-branch is superior to carotid-subclavian bypass or
transposition.
